and microaerobic conditions (Beck et al. 2013) and Nitrosomonadales are significantly enriched in 2 0 7 soils containing high concentrations of N fertilizer (Chávez-Romero et al. 2016) . Water samples from 2 0 8 less-impacted sites were overrepresented by Oscillatoriophycideae and Synechococcophycideae in 2 0 9
Cyanobacteria; and Saprospiraceae in Bacteroidetes (Figure 7A and 7B). Co-occurrence network analysis was performed to visualize and characterize co-occurrence 2 1 9 patterns among members of water and sediment microbial communities. The water and sediment These results suggest that the sediment microbial network was more connected than the water 2 2 3 network. Both networks exhibited a scale-free degree distribution pattern, whereby most OTUs had 2 2 4
low degree values and fewer hub nodes had high degree values (Supplementary Figure S15) .
We detected modules in water and sediment networks using the WalkTrap community detection 2 2 6
algorithm. The modularity of the water and sediment network was 0.878 and 0.559, respectively. A 2 2 7 total of 50 clusters with the largest membership of 22 was observed for the water network ( Figure  2 2 8 8C). Likewise, for the sediment network we observed a total of 38 clusters with the largest 2 2 9 membership of 111 ( Figure 8D ). In the sediment network, most OTUs in module 6 (111 nodes) were 2 3 0 members of Anaerolineae of the phylum Chloroflexi and Beta-, Delta-, and Gammaproteobacteria. Additionally, most OTUs in module 7 (81 nodes) of the sediment network were members of the 2 3 2 Planococcaceae, a family within the order Bacillales. When compared to the sediment network, we 2 3 3 observed fewer and smaller hubs in the water network. In this network, most OTUs in module 2 (22 2 3 4 nodes) and module 9 (12 nodes) were members of the genus Synechococcus within the order 2 3 5
Synechococcales and ACK-M1 within the order Actinomycetales, respectively. We also examined the effect of prolonged agricultural activities on the co-occurrence patterns of 2 3 7 water and sediment microbial communities. For this, each node in the water and sediment network 2 3 8
was colored as a function of its relative abundance across samples from impacted and less-impacted 2 3 9 (control) sites (Figure 8E and 8F) . In both networks, we observed higher connectedness among 2 4 0
/ 31
OTUs associated with less-impacted samples as compared to those associated with samples from 2 4 1 impacted sites. This observation was confirmed when we generated sub-networks for impacted and 2 4 2 less-impacted sediment samples by selecting OTUs associated with these samples and all edges 2 4 3 among them from the overall sediment co-occurrence network (Supplementary Figure S16) . We 2 4 4 observed higher connectedness in microbes associated with less-impacted samples (measured as 2 4 5 node degree, 3.746) as compared to those associated with samples from impacted sites (1.397). can profoundly influence the cycling and accumulation of nutrients in the sediment and water 2 5 0 column of Honghu lake (Chen et al. 2008) . These agricultural practices can negatively impact not 2 5 1 only the physicochemical properties, but also the biodiversity of microbial communities associated 2 5 2 with the lake ecosystem (Baquero et al. 2008) . These changes in microbial community composition 2 5 3 can in turn affect nutrient cycling and organic matter decomposition, thus impacting overall 2 5 4 agricultural productivity. In our study, we analyzed water and sediment samples from Honghu lake, assessing its 2 5 6 microbiome, physicochemical properties, and antibiotic concentrations. We found that despite low 2 5 7 human activity, high concentrations of Sed-LP, Sed-TN, and Sed-OM were observed at less-impacted 2 5 8 (control) sites, probably due to the abundance of submerged plants. We speculate that the decay of 2 5 9 these plants during winter subtantially increases organic matter, total nitrogen(Sand-jensen 1998), 2 6 0 and total phosphorus(Horppila and Nurminen 2003) in sediment samples. Hence, as expected from 2 6 1 previous research, we found that both water and sediment microbial community structure was 2 6 2 13 / 31 correlated with TP and TN concentration (Han et al. 2016 , Takamura N 2003 Microbial biomass was collected on 0.22 μ m diameter pore size filter membranes. These membrane 3 3 1 samples were stored onsite in a portable cooler with ice bags, then transported to the laboratory and physicochemical characterization and antibiotic analysis, whilst the remainder was dried in an 3 3 6
Ultra-low Freeze Dryer (Christ, German) until no further weight changes were observed. The dried 3 3 7 sediment (0.5 g) was used for DNA extraction. Table S1 and Supplementary Table S2 13 antibiotics were selected for detection in water and sediment samples (Supplementary Table S4 ). 3 5 7
These antibiotics can be classified into three groups namely: (i) sulfonamides (SAs), including tetracycline group (TCs), including tetracycline (TC), oxytetracycline (OTC), and chlortetracycline 3 6 2 (CTC). We determined the concentration of these antibiotics in water and sediment samples using a 3 6 3 2695 Waters Alliance system (Milford, MA, USA) equipped with an auto sampler-controlled binary 3 6 4 gradient system, a micro vacuum degasser, and a 2998 Photodiode Array (PDA) detector. A detailed 3 6 5 protocol of the antibiotic extraction process is described in Supplementary Information. Of the 13 3 6 6 antibiotics that were quantified, nine antibiotics including TC, OTC, CTC, SDZ, SMR, SMD, OFL, 3 6 7 CIP, and SMZ were selected for further analysis in this study. DNA was extracted from water filter membranes and dried sediment using a modified 3 7 1 hexadecyltrimethylammonium bromide (CTAB) method (Cheng et al. 2014a , Cheng et al. 2014b DNA quality was assessed on 0.8% agarose gels. Approximately 5-50 ng of DNA was used as 3 7 6 template for amplifying the V4-V5 hypervariable region of the 16S rRNA gene of microbiota for 3 7 7 each sample. Sequences for the forward and reverse primers are "GTGYCAGCMGCCGCGGTAA" 3 7 8
and "CTTGTGCGGKCCCCCGYCAATTC", respectively (Han et al. 2016 ). The sequencing library 3 7 9
was constructed using a MetaVx TM Library Preparation kit (GENEWIZ, Inc., South Plainfield, and Microbial alpha-and beta-diversity values were determined using the QIIME(Caporaso et al. based on the 16S rDNA dataset from each sample. For this, OTU-picking was performed on all 4 1 8 quality-filtered sequence data using the 'pick_closed_reference_otus.py' command in QIIME. OTUs 4 1 9 were clustered at the 97% nucleotide identity threshold using the Greengenes database. The OTU 4 2 0 table was normalized using the 'normalize_by_copy_number.py' command. The normalized OTU 4 2 1 table was used for functional prediction with the 'predict_metagenomes.py' script, and functional 4 2 2 trait abundances were determined for each sample using the KEGG database (version 66.1, May 1, 4 2 3 2013) (Kang et al. 2016) . Finally, the predicted functional content was collapsed to level three of the 4 2 4 KEGG hierarchy using the 'categorize_by_function.py' script. Canonical correspondence analysis (CCA) was used to identify an environmental basis for 4 2 9 community ordination, revealing relationships between microbial communities and environmental properties and antibiotics) and OTUs, we applied a low-abundance filter to remove OTUs whose 4 3 5 relative abundance did not exceed 0.01% in any sample (as previously reported by (Sunagawa et al. We noted environmental drivers of microbial community composition on the basis of (i) 4 4 5 compositional data, which includes taxonomic composition (relative taxonomic abundances) and 4 4 6 functional composition at KEGG module level three; (ii) physicochemical data; and (iii) antibiotics 4 4 7 data. To pre-process compositional data, we applied a low-abundance filter to remove OTUs whose Based on their location, all water and sediment samples can be divided into two 4 6 0 groups-impacted and less-impacted (control) groups. It is well known that the taxonomic 
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